Summary. Ovine Introduction.
Summary. Ovine chorionic somatomammotropin (oCS) enhances the weight and bone growth of hypophysectomized rats. It acts as a bifunctional hormone, since it binds both to lactogenic and somatotropic receptors. Ovine foetus weight gain is closely related to oCS and oGH serum levels. oCS is able to stimulate somatomedins by foetal liver.
Moreover, oCS specific receptors are present in some foetal tissues. So, all these facts involve oCS in foetal growth, whereas pituitary growth hormone intervenes in postnatal growth. A study of structure function relationships between growth hormones and placental hormones is exposed in order to localize somatotropic sites.
Introduction.
It has been well established that foetal pituitary contributes only partially to embryonic development since anencephalic foetuses from rabbits (Jost, 1947) , humans (Brewer, 1957 ; Erez and King, 1968) and cattle (Cho and Leipold, 1978) develop almost normally. In the sheep, only a slightly delayed growth is observed after foetal hypophysectomy (Liggins and Kennedy, 1968) . The weight of ruminant foetuses increases up to day 50 of gestation, i.e. before the appearance of foetal pituitary which releases growth hormone (GH) , as demonstrated by Stokes and Boda (1968) and Bassett and Thorburn (1970) . In 1957 Contopoulos and Simpson provoked an increase in the size of thymus, the width of the epiphyseal plate cartilage of the tibia and the body weight of hypophysectomized rats after injections of variable doses of plasma from pregnant rats.
All these results suggest the existence of somatotropic secretions of extrahypophyseal origin. The involvement of placenta (suspected up to now) was evidenced when the binding of ovine placental lactogen hormone to somatotropic receptors was demonstrated as well as its capacity to stimulate bone growth of hypophysectomized rats (Chan et al., 1976 ; Martal and Djiane, 1976) . The name of ovine chorionic somatomammotropin (oCS) results from its mammotrophic and growth promoting properties. Placental lactogen hormones are all endowed with a lactogenic activity but some seem to be deprived of growth activity, e.g., human (hPL), mouse (mPL) and rat (rPL) placental lactogens which are not able to bind to somatotropic receptors. Some species are even deprived of this hormone such as cats, dogs, rabbits, pigs and horses (Martal, 1 981 Hennen et al. (1985) , and proliferin (Linzer and Nathans, 1984) are endowed with a growth activity. A human growth factor of placental origin has been recently evidenced by Sen-Majumdar et al. (1986) .
The purpose of the present paper was to demonstrate the action of oCS on overall growth and, in particular, on foetal growth. Some mechanisms of action and the regulation of oCS will be mentioned. Moreover, a comparative study of the structure-function relationships between growth hormones and placental hormones deprived of this growth activity (hPL) could explain the existence of the molecular sites responsible for this somatotropic activity. Growth factors involved in foetal growth will be reviewed.
oCS : isolation, characterization, properties.
Ovine chorionic somatomammotropin was the first animal placental lactogen to be purified. Several teams have isolated and characterized it (Handwerger etal., 1974; Hurley et al., 1975; Martal and Djiane, 1975 ; Chan et al., 1976) . The isolation and purification of this hormone were facilitated by the determination of the growth activity using the radioreceptor assay developed by Tsushima and Friesen (1973) . oCS is a polypeptide with an apparent molecular weight ranging between 22,000 and 23,000 and with an amino acid composition close to that of oGH and oPRL (ovine prolactin) (Hurley et al., 1977b) . Chan et al. (1986) have identified two forms, oPL-1 and oPL-2, with different relative mobilities after high performance liquid chromatography (H PLC) on anionic exchange column. These authors confirmed the presence of 2 tryptophan residues and 6 cysteine residues, thus relating this molecule to both the growth hormone and the prolactin families. Two forms of oPL have also been observed in our laboratory on cation-exchange (Chêne, 1987 ; Sade, 1987 (Martal and Djiane, 1975; Martal, 1978a, b; Reddy and Watkins, 1978 (Martal etal., 1977 (Martin and Gagliardino, 1967 (Freemark and Handwerger, 1982) . The involvement of oCS in foetal metabolism of amino acids and proteins has been confirmed by Butler et al. (1978) and Hurley et al. (1980) . oCS injection to rat foetuses stimulates liver ornithine decarboxylase activity. This enzyme catalyzes the conversion of ornithine to putrescine involved in the biosynthesis of polyamines, spermine and spermidine, steps in protein and amino acid synthesis. By contrast, ovine and rat prolactins and ovine and rat growth hormones stimulate this enzyme activity but only in newborn or 17-day old rats.
It has been shown that oCS also stimulates the protein synthesis of rabbit mammary gland in organotypic culture, inducing the synthesis of lactose and /3-casein and enhancing j3-casein m-RNA (Servely et al., 1983) .
In vivo and in vitro in homologous system, oCS displays a mammogenic and lactogenic activity similar to that of antehypophyseal hormones (PRL + GH) (Martal, 1980) . The metabolic activities of oCS of maternal as well as from of foetal origin, suggest that this hormone acts as a foetal growth hormone.
Growth properties of oCS.
The growth activity of oCS has been studied using several tests in heterologous species. The weight gain of hypophysectomized Wistar rats has been achieved by oCS (prepared in our laboratory) injection (Martal, 1978 (Martal, , 1980 (Fig. 1, 2 ). It was similar to that observed after bGH (Pentex 1 UI/mg) injection. In these conditions, a thickening of the epiphyseal cartilage plate of the tibia of hypophysectomized rats is observed (Fig. 3) .
These (Fig. 8) . By contrast, the relative concentration of both hormones changes considerably since on day 120 of pregnancy the foetal oCS concentration is almost twice that of oGH (Fig. 9) . The serum oGH levels correspond to those indicated by Bassett et al. (1970) .
Regulation of oCS secretion. (Martal and Lacroix, 1978) .
Ovine foetal hypophysectomy does not modify the maternal and foetal oCS plasma concentrations between day 115 and parturition (Taylor et al., 1983 (Mc Millen et al., 1977) .
All these results indicate that oCS production is not regulated through dopaminergic pathways. Somatostatin is known to depress the hypophyseal secretion of growth hormones. Infusion of this peptide into ovine foetuses does not apparently modify maternal and foetal oCS plasma levels (Taylor etal., 1983) .
Placenta and oCS.
The importance of placenta in foetal growth, though implicit, has been demonstrated by Robinson et al. (1979) . Excision of part of the uterine caronculae in the ewe before mating leads to a reduction in foetal growth and disturbs foetal metabolism. Figure 1 shows the variation in placental weight and oCS content during gestation (from day 60 to parturition) in Pr6alpes du Sud ewes. The weight of foetal cotyledons increases up to day 70 of gestation and then remains almost steady until day 140. Just before parturition cotyledon weight drops rapidly. The amount of oCS per g of fresh tissue increases until day 100 to reach a maximum between day 100 and 130, then falls suddenly until lambing. An asynchrony is observed between oCS production and weight gain of placenta.
Number of foetuses and oCS.
The oCS concentration per g of placenta is constant, whatever the number of foetuses . By contrast, the weight of placenta is proportional to the number of foetuses (Fig. 12) . Accordingly, the total amount of oCS in maternal blood is also higher in twin gestation (Fig. 13) (Martal and Djiane, 1975 ; Chan et al., 1976 Freemark et al. (1987) , whereas homologous hormones (oGH and oPRL) have a very low affinity for foetal liver membranes. Foetal and maternal ovine livers are thus target organs for oCS.
Somatomedins and oCS.
As oCS is involved in growth, it may be wondered whether its action is similar to that of growth hormone.
It is well known that one property of oCS is to bind to adult liver membranes.
It may be assumed that the growth activity of oCS is associated with stimulation of somatomedins. This hypothesis was confirmed by Hurley et al. (1977a) . Serum somatomedin-C concentrations, measured by radioimmunoassay or by radioreceptor assay, increase after injection of oCS and bGH in hypophysectomized adult rats. Moreover, carunclectomy of ewes before pregnancy lowers plasma somatomedin concentration (Falconer et al., 1977) . In the foetus, somatomedin secretion might be mediated by oCS. The following observations confirm this hypothesis.
Both types of insulin-like growth factors have been determined in the blood of ovine foetus between day 54 of gestation and birth and in newborn lambs. IGF-I concentrations measured by radioimmunoassay are very small throughout pregnancy (about one third of the concentration in adults). IG F-I concentrations increase just after birth when growth becomes GH-dependent (Gluckman and Butler, 1983 ; van Vliet etal., 1983 (Adams et al., 1983b) . Moreover, only oCS, and not hGH can stimulate IGF-11 production by fibroblasts from newborn rats but cannot stimulate fibroblasts from older rats. oCS and hGH induce IGF-I production by fibroblasts from adult rats (Adams et al., 1983a) . Many foetal tissues (liver, lung, brain, heart, intestine, kidney) in mice (D'Ercole et al., 1980) and lungs in man (Snyder and D'Ercole, 1980) (Barlet, 1988a) .
Not only GRF but also TRH treatment can induce a growth effect (Barlet, 1988b) . Subcutaneous injections of TRH in pregnant heifers at days 230, 240, 250 and 265 of gestation resulted in higher birthweight (+ 10%) and higher daily weight gain for 120 days after birth in newborn treated calves than in controls. TRH treatment significantly increased plasma T3, GH and IGF-I in term cows and plasma IGF-I concentrations in newborn calves. The growth-promoting effect of the TRH treatment was attributed to increased IGF-I levels (Barlet, 1988b) .
Foetal growth and hPL.
Although hPL does not bind to somatotropic receptors (Tsushima and Friesen, 1973) and despite a similar structure between hGH and hPL. (Li et al., 1971 (Li et al., ,1972 , hPL possesses a significantly lower somatotropic activity than hGH. Weight gain stimulation in hypophysectomized immature male rats requires higher levels of hPL than of hGH (Florini et al., 1966) . Furlanetto et al. (1978) have reported a correlation between maternal hPL and somatomedin concentrations in pregnant women. The ability of hPL to increase IGF-I content and its release from foetal pancreatic explants has been shown recently by Swenne et al. (1987) , and hPL might participate at least in foetal pancreatic development. (Li, 1978) elicits 50 % growth activity as compared to a homologous hGH recombinant (1 -134) (141 -191 ) (Li et al., 1977) . The reduced activity could be attributed to the substitution, in the last third of this molecule of aspartic acid in position 153 and isoleucine in position 179 for hGH, and of histidine and methionine respectively for hPL (Fig. 14) . A hGH molecule deprived of 135-145 peptide also exhibits a growth activity (Singh et al., 1974) . Thus, this peptide can be assimilated to a neutral part for growth activity. Thanks to chemical modifications particularly affecting basic amino acids, some authors have attributed to lysine or arginine at positions 16, 41, 64, 70, 77, 115 and 134, a participation in the hormone-liver receptor interaction (Martal et al., 1985 ; Chêne et al., 1989) . A study of the hydropathy profiles of hPL and hGH by Nicoll etal. (1986) has shown differences in two parts, (59) (60) (61) (62) (63) (64) (65) (66) (67) (68) (69) (70) (71) (72) (73) (74) (75) (76) and (100) (101) (102) (103) (104) (105) (106) (107) (108) (109) (110) (111) (112) (113) (114) (115) (116) (117) (Hennen et al., 1985) , proliferine (Linzer and Nathans, 1984) , thyroid hormones (Thorburn, 1974; Nathanielsz, 1976) (Thorburn, 1974) .
Foetal growth is stimulated by insulin and its related peptides (Hill and Milner, 1985) . Pancreatectomy of a 3-week-old lamb foetus provokes a weight reduction by about 20 % (Fowden and Comline, 1984 
